We report on a patient with active acromegaly and Gilbert's syndrome who developed severe hepatic dysfunction during pegvisomant (PEGv) monotherapy. She was partially resistant to all previous therapies, including long-acting somatostatin analogs and cabergoline. Five months after starting PEGv therapy, with an already normalized IGF1, she developed cholestatic liver dysfunction with jaundice. Liver or biliary diseases including biliary sludge, cholelithiasis or liver steatosis were excluded. A liver biopsy was in keeping with drug-induced liver injury. The discontinuation of PEGv was followed by full clinical and biochemical recovery in 6 weeks. PEGv therapy was not resumed. Apart from a minimal increase of bilirubin levels, no liver function test abnormalities were found during the 4-year follow-up period after the PEGv was discontinued. Drug-induced liver injury is the most serious systemic adverse event resulting from PEGv therapy. Since patients with mild and asymptomatic liver disease could be at a higher risk of PEGv-induced hepatotoxicity, frequent monitoring of hepatic enzymes should be required in these cases.
Introduction
Pegvisomant (PEGv) monotherapy is the most effective therapy for acromegaly (1, 2) . Although it is generally well tolerated, there is concern about certain adverse events, primarily drug-induced liver injury, which is considered the most serious (3, 4) . Drug-induced liver injury can be a consequence of immune-mediated hypersensitivity or an idiosyncratic reaction and is unpredictable in most cases. Its predominant clinical presentation can resemble acute hepatitis or cholestatic liver disease, although it is sometimes characterized by a mixed pattern (5) .
Gilbert's syndrome is the most common inherited disorder of bilirubin glucuronidation and is produced by a mutation in the gene UGT1A1, encoding bilirubin uridinediphosphoglucuronate glucuronosyltransferase, which conjugates bilirubin to glucuronic acid. Approximately, 9% of the general population is homozygous for the genetic defect, but not all develop hyperbilirubinaemia. Patients with Gilbert's syndrome usually have mild and predominantly unconjugated hyperbilirubinaemia of no clinical significance (6) .
We report here in detail clinical, biochemical, and histological findings in a patient with active acromegaly and Gilbert's syndrome (homozygous A[TA]7TAA) who developed severe hepatic cholestatic dysfunction with jaundice related to PEGv therapy.
Case report
A 27-year-old woman was diagnosed with acromegaly on July 2001. This patient was included in a previous report regarding PEGv efficacy (7) . She had elevated insulin-like growth factor-1 (IGF1; 593 ng/ml; normal range 109-358) and non-suppressible GH (GH nadir 16.4 ng/ml post-oral glucose tolerance test (OGTT)). Magnetic resonance imaging (MRI) showed an invasive pituitary macroadenoma of 73 cc. In August 2001, she underwent surgery twice by transsphenoidal and transcranial approaches for subtotal resection of a sparsely granulated somatotroph adenoma.
After surgery and despite substantial tumor reduction, a large residual intrasellar and parasellar adenoma and GH hypersecretion persisted (basal GH: 18.6 ng/ml and IGF1: 783 ng/ml). In November 2001, she underwent radiation (50 Gy). Since then, she has been treated with maximum doses of lanreotide SR and subsequently octreotide LAR (Oct LAR) in combination with cabergoline (Cab) 1.5 mg/week, with partial biochemical and no tumor response to the treatment.
She developed FSH, LH, and TSH deficiencies and was adequately treated with levothyroxine and an estradiol/norethisterone transdermal patch. She was also receiving therapy with atorvastatin (20 mg/d) for hypercholesterolaemia and paracetamol (on demand, to a maximum dose of 1.5-2 g/d) for persistent headache. She remained on these treatments without any related adverse events and with a persistently elevated IGF1 for the next 27 months.
In February 2004, on availability of PEGv and as the patient maintained persistently elevated IGF1 levels (509 ng/ml), she started with PEGv 10 mg/day, 30 and 15 days after discontinuation of the Oct LAR and Cab respectively. IGF1 levels at 1, 3, and 5 months after starting treatment were within the normal range (Table 1 ). An MRI performed 3 months after starting the PEGv therapy did not show any changes in tumor volume. Liver function tests showed normal transaminases and mild hyperbilirubinaemia (Table 1) .
At month 5 (July 2004) after starting PEGv therapy and 6 months after the discontinuation of Oct LAR, she experienced an increase in transaminases and bilirubin. Four days before her next scheduled endocrine visit, she was admitted to hospital with right upper quadrant abdominal pain that had persisted for 6-8 h, fatigue, nausea, and conjunctival jaundice. Liver function test results were raised (Table 1) , with a characteristic cholestatic profile (5). All potentially hepatotoxic drugs, including oestrogens, atorvastatin, paracetamol, and PEGv therapy were discontinued. Additional studies ruled out viral or autoimmune hepatitis, haemochromatosis, fatty liver, primary biliary cirrhosis, Wilson's disease and a-1-antitrypsin deficiency. An abdominal ultrasound (US) on admission revealed no sign of biliary sludge, cholelithiasis or hepatic steatosis. A liver biopsy was performed, showing non-specific changes with mild intrahepatic cholestasis, mild portal inflammation, and minimal hepatocellular degeneration in keeping with drug-induced liver injury (Fig. 1) .
Recovery started 11 days after discontinuing the PEGv. Liver function test results returned to previous baseline levels, and IGF1 levels increased to 709 ng/ml in 6 weeks (Table 1) . She then began treatment with high doses of lanreotide autogel and Cab. Atorvastatin, transdermal oestrogens, and paracetamol were also resumed at this time. Since then, no liver function test abnormalities, excluding a minimal increase of bilirubin levels (less than twice the upper limit of normal (ULN), have been found during the 4-year follow-up period.
Discussion
To date, 41 cases of hepatic dysfunction have been described during PEGv therapy in the 509 patients reported (1, 2, 4, 8-12 ). The total incidence of 8% was higher with the combined treatment of PEGv plus somatostatin analogs (SSA; 38%) (4, 10, 12) , than with PEGv monotherapy (4.2%) (1, 2, 4, 8, 9 ). The time between the initiation of PEGv therapy and hepatotoxic effects was variable, ranging from 2.3 (4) to 92 (12) weeks.
Two types of hepatic dysfunction have been reported during PEGv therapy: hepatocellular and cholestatic (3) . Hepatocellular liver injury is the most common type of dysfunction. Its pathogenesis is unclear, as it does not appear to be dose related or associated with any identifiable predictor (4). Cholestatic liver dysfunction was present in 9 out of 41 reported cases, all of them previously treated or under SSA. Biliary sludge or cholelithiasis was found on the US (4, 10-12) and both were associated with SSA therapy or its withdrawal (3, 13) . However, it is difficult to determine the exact incidence of PEGv-induced cholestatic liver injury, since alkaline phosphatase (APh) and bilirubin levels were not always available in the reported cases (4). It is likely that most of these patients had associated hepatocellular damage, as aspartate aminotransferase ranged between 3.1 and 25.7 times the ULN (4, 10-12). A liver biopsy was performed in only two cases of hepatocellular dysfunction, both receiving combined treatment with PEGv and SSA (4, 11) . Liver biopsies showed chronic mild hepatitis with mixed portal inflammation in one patient, previously presenting with Gilbert's syndrome (4), and medication-induced hepatitis in the other (11) .
Although our patient was receiving other therapies such as transdermal oestrogen, atorvastatin, and paracetamol, which have been associated with hepatotoxicity, the doses were small, and after the acute Table 1 Chronological development and values of alanine aminotransferase (ALT), aspartate aminotransferase (AST), g-glutamyl transpeptidase (GGT), total bilirubin (T. BIL), alkaline phosphatase (APh) and IGF1 levels during octreotide LAR (Oct LAR) and cabergoline (Cab) treatment and pegvisomant (PEGv) monotherapy, on the first day of admission (D1) and thereafter (D3, D11, D36).
Normal range
February ). An increased risk of symptomatic gallstones (with acute cholecystitis or biliary colic requiring cholecystectomy) has been described between 2 and 4 months following SSA withdrawal, particularly in men (13, 14) . This mechanism does not seem to have played a role in the patient's hepatic dysfunction because she was female; the acute episode occurred 6 months after SSA discontinuation and the US was normal.
Although we cannot rule out the possibility of a stone that had already passed by the time the US was performed, we consider this very unlikely. Bile duct stones able to cause biliary colic and jaundice are usually large and less likely to pass through the bile ducts spontaneously (15) . US has a very high sensitivity and specificity for the detection of bile duct stones (16) and biliary dilatation (17) . In addition, the US was performed during the acute abdominal pain episode coinciding with jaundice and peak levels of bilirubin and APh. This is the second case of liver injury during PEGv therapy in Gilbert's syndrome, and to our knowledge, the first one with hyperbilirubinaemia (5.7 times the ULN) and clinical jaundice. The Gilbert's syndrome patient reported initially (4) developed an isolated transaminase increase with normalization of his mild hyperbilirubinaemia, which reappeared after the transaminase values had returned to normal. Gilbert's syndrome was considered as unrelated to the development of hepatitis in this first case.
Gilbert's syndrome has a high prevalence in western populations and is sometimes under-diagnosed (6). The UGT1A1 gene has an important role in hepatic glucuronidation of several drugs prior to excretion. Diminished excretion of these non-metabolized drugs could potentially cause their accumulation and increase their toxicity (6), as has been previously described (18) . It is possible that diminished hepatic glucuronidation of PEGv in individuals with Gilbert's syndrome could increase the risk of liver damage. The incidence of hepatic dysfunction during PEGv treatment (8%) is similar to the incidence of the homozygous mutation in the UGT1A1 gene (9%). The hypothetical relationship between under-diagnosed Gilbert's syndrome and liver dysfunction during PEGv therapy warrants additional studies.
PEGv hepatotoxicity has been also described in two patients positive for hepatitis C virus and without any sign of overt hepatic disease (8) . Hepatic function must therefore be evaluated carefully prior to PEGv therapy, as patients with mild hepatic abnormalities could be at a higher risk of PEGv hepatotoxicity. In these cases, liver function should be monitored more strictly and should not only include transaminases but also APh and bilirubin levels to assist in the diagnosis of different patterns of PEGv hepatotoxicity (4).
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